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Abstract
Objective—To examine the relationship between parent health literacy and “obesogenic” infant
care behaviors.
Study design—Cross-sectional analysis of baseline data from a cluster randomized controlled
trial of a primary care-based, early childhood obesity prevention program (Greenlight). English
and Spanish-speaking parents of 2 month old children enrolled (n=844). The primary predictor
variable was a parent health literacy (Short Test of Functional Health Literacy in Adults
(STOFHLA); adequate>=23; low<23). Primary outcome variables involving self-reported
obesogenic behaviors: (1) feeding content (more formula than breastmilk, sweet drinks, early solid
food introduction) and feeding style-related behaviors (pressuring to finish, laissez-faire bottle
propping/television [TV] watching while feeding, non-responsiveness in letting child decide
amount to eat); and (2) physical activity (tummy time, TV). Multivariate logistic regression
analyses (binary, proportional odds models) performed adjusting for child sex, out of home care,
WIC status, parent age, race/ethnicity, language, number of adults/children in home, income, and
site.
Results—11.0% of parents were categorized as having low health literacy. Low health literacy
significantly increased the odds of a parent reporting that they feed more formula than breast milk
(AOR=2.0 [95%CI:1.2–3.5]), immediately feed when their child cries (AOR=1.8[1.1–2.8]), bottle
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prop (AOR=1.8 [1.002–3.1]), any infant TV watching (AOR=1.8 [1.1–3.0]), and inadequate
tummy time (<30 minutes/day) (AOR=3.0[1.5–5.8]).
Conclusions—Low parent health literacy is associated with certain obesogenic infant care
behaviors. These behaviors may be modifiable targets for low health literacy-focused
interventions to help reduce childhood obesity.
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The prevalence of childhood obesity has been rising in the US, with rates nearly tripling
since 1980.1 There is growing evidence that weight status during infancy may be predictive
of obesity, cardiovascular disease, hypertension, and insulin resistance in adulthood.4, 5
“Obesogenic” feeding behaviors have been proposed as modifiable targets for childhood
obesity prevention. Potential obesogenic diet content-related practices include formula
feeding,6 provision of sweet drinks,7 and introduction of solid foods before four months of
age.8 “Controlling” feeding styles, including pressuring to feed, involve behaviors that
overlook an infant’s satiety cues.9 Children of mothers who are controlling, rather than
responsive in their feeding, are less able to self-regulate energy intake.10 The link between
childhood obesity and other feeding styles, such as a “laissez-faire” style, in which parents
have limited infant interaction during feeding (e.g. bottle propping), and do not place limits
on diet quality/quantity, has not been well-studied.11 Obesogenic physical activity practices
may include excessive television (TV) viewing and inadequate time in the prone position
while awake (ie, “tummy time”).1314
Low health literacy is associated with increased risk for adult obesity,15, 16 and low parent
health literacy may be a risk factor for the development of early childhood obesity.17
Defined as the “degree to which individuals have the capacity to obtain, process, and
understand basic health information and services needed to make appropriate health
decisions,”18 low parent health literacy has been independently associated with poor child
health outcomes.16 Although few studies have assessed the association between health
literacy and behaviors which may directly impact early childhood obesity,11 caregivers with
low health literacy have been found to be less likely to breastfeed,19 have trouble
understanding growth charts,20 and are more likely to have difficulty understanding food
labels and portion sizes.17 As there has been limited study of the relationship between parent
health literacy and obesogenic infant care behaviors, we sought to examine these
associations in this study.
METHODS
This was a cross-sectional analysis of baseline data collected from caregiver-child dyads
participating in the Greenlight study, a cluster randomized trial of a health literacy and
numeracy-oriented health communication intervention to reduce obesogenic behaviors and
prevent obesity in the first 2 years of life. Consecutive eligible caregiver-child dyads were
enrolled from four university-affiliated pediatric continuity clinics (New York University/
Bellevue Hospital Center, Vanderbilt University, University of North Carolina-Chapel Hill,
University of Miami). Inclusion criteria for caregiver-child dyads were: infant aged 6 to <16
weeks presenting for a 2-month well-child visit with a pediatric resident, and caregiver who
was English or Spanish-speaking, who expected to return to the clinic for all well-child
visits through 2 years of age. Child-related exclusion criteria were: <34 weeks gestation,
birth weight <1500 grams, weight-for-length <3rd percentile at 2 month visit, or diagnosis of
failure to thrive or other medical problem known to affect child growth (eg, cleft palate).
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Caregiver-related exclusion criteria were: age <18 years, mental/neurological illness, poor
visual acuity (Rosenbaum worse than 20/50 corrected). Written and verbal informed consent
was obtained from all participants. Institutional Review Board approval was obtained from
the four participating academic medical centers. For the remainder of this paper, we refer to
caregivers as parents, as 99% of the caregivers were parents.
Data were obtained by interview at the 2-month well-child visit (English or Spanish, parent
preference). Data were managed with REDCap (Research Electronic Data Capture).21 The
primary dependent variables of interest were parent report of obesogenic infant feeding and
physical activity-related practices at the 2 month well-visit assessments.
Three obesogenic diet content-related practices were assessed: formula feeding,6 provision
of sweet drinks,7 and early introduction of solid foods.8 Formula feeding was assessed using
the question, “What type of milk does your child drink now?,” with answer choices of
formula only, mostly formula and some breast milk (BM), equal formula and BM, mostly
BM but some formula, and BM only. Answers were dichotomized in analyses, with those
who fed more formula than BM compared with all others, as prior study has shown that
infants fed more formula than breast milk in the first 6 months of life are at an increased risk
for being overweight in adolescence.6 Provision of sweet drinks was assessed by asking the
parent how much 100% fruit juice, or other sweet drinks (fruit punch, fruit juice with added
sugar, soda, sweet tea, lemonade, Gatorade, sugar water) the child usually drinks in a day,
with answers dichotomized as a composite variable with any provision compared with none.
Early introduction of solids was assessed using two questions. The first question was “Is
your child eating solid foods yet or do you put any solid foods in the bottle?” with answer
choices of yes and no. The second question, taken from the validated Infant Feeding Style
Questionnaire (IFSQ),22 was “I give my baby cereal in the bottle.” All IFSQ questions asked
parents about the frequency of behaviors, with choices of always, most of the time, half of
the time, seldom or infrequently, and never. An indication in either question that a solid was
introduced met the criteria of any solid introduction.
Parent behaviors associated with obesogenic feeding styles were assessed with a subset of
questions from the IFSQ.22 Behaviors considered to be controlling/pressuring, were assessed
with statements: “I try to get my child to finish his or her breast milk or formula” and
“When my baby cries, I immediately feed him or her.” Behaviors considered to be laissez-
faire were assessed with statements: “When my child has a bottle, I prop it up” and “I watch
TV while feeding my baby.” One aspect of responsive feeding was assessed: “I let my child
decide how much to eat.” Lack of responsiveness was considered obesogenic.
Two obesogenic physical-activity practices were assessed: TV viewing13 and inadequate
tummy time.14 TV time was assessed with the question “How much time does [CHILD’s
NAME] spend watching television each day?”. Based on the American Academy of
Pediatrics (AAP) evidence-based practice guideline that infants not watch any television,23
TV viewing was dichotomized for our two month age cohort as any compared with none.
Tummy time was assessed using the question, “How much total time does your child
typically spend being active on his/her tummy while awake each day?” Based on existing
recommendations, inadequate tummy time was defined as <30 minutes per day.14
The primary independent variable for this study was parent health literacy, assessed using
the Short Test of Functional Health Literacy in Adults (STOFHLA).24 Health literacy was
categorized as inadequate (score 0–16), marginal (17–22), or adequate (23–36). The
STOFHLA is one of the most commonly used health literacy assessments.25, 26 For purposes
of analyses, health literacy was a priori dichotomized as those with adequate health literacy
compared with those with low (inadequate/marginal) health literacy.
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Child characteristics included child’s age and sex, as well as out of home care (any or none),
as child care outside of the home could affect both feeding and physical activity behaviors.
Information on participation in WIC (yes or no) and child health insurance (Medicaid,
private, none) was collected as these variables are indicators of access to counseling on child
nutrition and activity. Parent characteristics included parent sex and age, as well as
relationship to child (mother, father, other), country of origin (US-born or not), race/
ethnicity (Hispanic, or non-Hispanic White, Black or other), language (English, Spanish;
interview language), and education (less than high school, high school graduate/equivalent,
some college, college graduate or higher). Household characteristics included income (<
$10,000, $10,000–19,999, $20,000–39,999, $40,000+), number of adults (≥18 years) (1, ≥2
adults) and number of children (<18 years) (1, ≥2 children). Being a parent raising a child
alone, as well as prior experience with raising children, are factors that may influence infant
feeding and activity practices.
Statistical Analyses
Data were analyzed using R version 2.15 (www.r-project.org). For all analyses, a 2-tailed p-
value <0.05 was considered statistically significant. We assessed unadjusted associations
between health literacy and the outcomes of interest, using Chi-square test and Mann-
Whitney U tests for categorical, and Kruskal-Wallis test for ordinal outcomes. Adjusted
analyses were performed using logistic regression for binary outcomes, and proportional
odds logistic regression for ordinal categorical variables (“Gets child to finish,”
“Immediately feeds when baby cries,” “Props bottle,” “Watches TV while feeding,” “Let’s
child decide how much to eat”). To prevent overfitting,27 these analyses controlled for an a
priori defined set of potential confounders: child sex, child out of home care, WIC status;
parent age, race/ethnicity, language; household income, number of adults/children in the
home, income; recruitment site. Parent age was modeled as a non-linear term, restricted
cubic spline with 3 knots.27 Caregiver relationship to the child was not included in the
model because >95% of caregivers were mothers, and thus this variable would be unlikely to
act as a confounder. Given ongoing debate about the relationship between education and
health literacy, we analyzed models with and without education.28 Sensitivity analyses
performed adjusting for child weight-for-length z score did not meaningfully alter the results
of the analysis.
RESULTS
Between the enrollment period of April 28, 2010 and July 24, 2012, families presenting with
their infant for a 2 month well-child visit were consecutively assessed (; available at
www.jpeds.com). Data from 844 parent-child dyads were included in analyses (Table I).
Mean (SD) parent STOFHLA score was 31.4 (7.8) (range=0–36). 11.0% were categorized
as low health literacy (7.8% inadequate, 3.2% marginal).
In unadjusted analyses, parents with low health literacy were more likely to give formula
most of the time (68.8 vs. 58.1%, p=0.046). Parents with low health literacy also were more
likely to pressure their child to feed by getting their child to finish (p=0.02) or by
immediately feeding when infant cries (p<0.001)), and to report laissez-faire behaviors of
bottle propping (p=0.008) and watching TV while feeding (p=0.003) (Table II).
In adjusted analyses, parents with low health literacy had about twice the odds of reporting
that they fed more formula than breast milk (Table III). Parents with low health literacy also
had approximately twice the odds of reporting that they would immediately feed when their
infant cries, and bottle propping. Watching TV while feeding was not associated with health
literacy in adjusted analyses.
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In unadjusted analyses, there was no difference in TV watching by health literacy level
(Table II). Parents with low health literacy were more likely to report less than 30 minutes of
daily tummy time (85.9 vs. 63.6%; p<0.001).
In adjusted analyses (Table III), parents with low health literacy had a nearly 2 times the
odds of reporting that their infant watched any TV. Having low health literacy was also
independently associated with a 3 times higher odds of reporting inadequate daily tummy
time.
DISCUSSION
Consistent with prior studies,19 we found that parents with low health literacy were
significantly more likely to formula feed their children. This finding suggests that use of a
health literacy-sensitive approach in counseling parents regarding breast and formula
feeding may be beneficial as an obesity prevention strategy during early childhood. Such an
approach should be informed by additional study to examine why parents with low literacy
are more likely to give formula, including exploring whether information regarding the
benefits of breastfeeding need to be more clearly presented, or whether additional support
and information is needed to empower parents with low health literacy to continue to
breastfeed upon returning to work.
Parents with low health literacy were also more likely to report higher prevalence of some
pressuring and laissez-faire feeding behaviors, which may increase a child’s risk for
obesity.10,19,29 Greater provider counseling regarding the potential negative effects of
controlling and laissez-faire type feeding practices may be needed during well-child visits,
with a particular focus on parents with low health literacy. Recommendations regarding
counseling strategies will need to be informed by studies examining why parents with low
health literacy may choose a controlling or laissez-faire type feeding practice over feeding
practices that are more responsive to a child’s cues.
Overall, the prevalence of sweet drink provision and early introduction of solids was low,
with no differences by health literacy. This low prevalence may be due to the young age of
the children at the time of the assessment, at the 2 month well-child visit. Further assessment
of parent provision of sweet drinks and early introduction of solids is clearly indicated at
later time points during infancy, as both practices have been strongly associated with the
development of obesity.7, 8
Parents with low health literacy in our study were more likely to report TV watching by
their infant. Although few studies have investigated the association between TV and obesity
in 2 month olds, TV viewing has been found to have obesogenic effects in both preschool
and young adult populations.30 The association between infant TV viewing and low parent
health literacy suggests a need to enhance and reinforce early messages about reducing TV
exposure. Further study regarding barriers to reducing TV watching among parents with low
health literacy would be helpful in tailoring these messages so that they are most effective.
Parents with low health literacy in our study also reported less daily tummy time. We
recognize that there has been limited study of tummy time and future obesity. Additional
study is needed to explore barriers to increasing tummy time among parents with low health
literacy, including examining whether and how recommendations are given.
The rationale for why parents with low health literacy reported more obesogenic practices is
unclear. Parents with low health literacy may have less access to reliable infant care health
information, or may be less likely to understand or act on verbal and written infant care
recommendations they encounter within and outside of the healthcare setting. Why certain
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obesogenic behaviors were associated with low health literacy and others were not also is
unclear. This issue deserves further study. These findings of health literacy-specific
disparities were remarkable because they were noted across multiple low-income, ethnic
minority populations that already suffer from disproportionate child health risks. Additional
study, including qualitative work, is clearly needed to further examine the mechanisms
involved in the link between health literacy and obesogenic behaviors, as well as to
determine how to best intervene on individual obesogenic practices.
This study has several limitations. This was a cross-sectional study, and our ability to make
conclusions regarding causation is limited. In addition, this study relied on parent self-
report, which is subject to social desirability bias. Even though we examined specific
behaviors associated with feeding styles taken from the IFSQ, we did not use the complete
scale,22 and we therefore cannot make assumptions about the relationship between parent
health literacy and entire feeding style constructs. We recognize that we examined a limited
number of potentially obesogenic parenting practices, and that there is not uniform
agreement regarding the level of risk of the different parenting practices we assessed in this
study; these were exploratory analyses. Our assessment of health literacy categorized a
relatively small proportion of parents in these low-income communities as having low health
literacy, as measured by the STOFHLA. We chose the STOFHLA for a number of reasons:
(1) it is one of the most commonly used health literacy assessment tools; (2) performance on
the TOFHLA has been strongly tied to health outcomes; and (3) because it tests
comprehension, rather than word recognition.25, 26 Although some have suggested that
existing STOFHLA cut-offs lead to an underestimation of the rate of low health literacy
among younger adults,35 existing cut-offs are still thought to be useful, with those
categorized as having low health literacy considered to be at particular risk for worse health
outcomes. Other health literacy assessments, including the more recently developed Newest
Vital Sign (NVS)26 and Parent Health Literacy Activities Test (PHLAT)35 have had limited
study as they relate to health outcomes. We recognize that health literacy is a complex
construct to measure, as it encompasses reading comprehension as well as numeracy, oral
literacy, and navigational skills. No established health literacy assessment measures all
aspects of health literacy. Although performance on the STOFHLA is based on
understanding reading comprehension passages, it is considered a good proxy measure for
health literacy, with good construct validity. Even though we included a number of
covariates in our regression models, such as child care outside of the home as well as
indicators of access to nutrition and activity counseling (eg, WIC participation, health
insurance), we were unable to include all variables that could potentially be associated with
obesogenic parenting practices (e.g. parental depression); given our sample size, including
too many variables might lead to overfitting of the model. We included in our regression
models only covariates that we believed were most strongly associated with the outcomes
under study, and as such residual confounding remains a concern. We also focused on the
relationship between parent health literacy and obesogenic practices, and did not present
findings regarding individual covariates and their relationship to obesogenic practices.
Finally, this study was conducted in 4 academic hospitals with a high percentage of minority
and low SES families, and therefore our results may not be generalizable.
Our findings demonstrate a link between parent health literacy and some potentially
obesogenic infant feeding and physical activity practices, suggesting that there may be a
need for the development and evaluation of obesity prevention interventions that target
families with limited health literacy skills with a focus on specific high risk behaviors.
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